
PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2001-185758 
(43)Date of publication of application : 06.07.2001 



(51)Int.CI. H01L 33/00 

H01L 21/205 
H01S 5/343 



(21 Application number : 2000-325020 (71 Applicant : TOYODA GOSEI CO LTD 
(22)Date of filing : 14.06.1996 (72)Inventor : WATANABE HIROSHI 

ASAI MAKOTO 
SHIBATA NAOKI 



(54) GROUP DI NITRIDE COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase luminous 
intensity and improve luminous efficiency in a blue light 

emitting element. . . 

HI ttTSTttEfTT * did " 9 *r 

SOLUTION: An N-layer (first low impurity concentration 
layer) 31 of GaN wherein film thickness is about 0.6 |j.m, 
concentration of Si is 2 x 1018/cm3 and concentration 
of electron is 2 x 1018/cm3 is formed on a buffer layer 
2. A high carrier concentration N+ layer (high impurity 
concentration layer) 3 of GaN wherein film thickness is 
about 4.0 jam, concentration of Si is 4 x 1018/cm3 and 
concentration of electron is 2 x 1018/cm3, an N-layer 
(second low impurity concentration layer) 4 of GaN 
wherein film thickness is about 0.5 jam, concentration of 
Si is 1 x 1018/cm3 and concentration of electron is 5 x 
1017/cm3, a light emitting layer 5 of In0.20Ga0.80N 
whose film thickness is about 100 nm, a P conduction 
type clad layer 71 of AIO.08GaO.92N, a first contact layer 

72 of GaN, a P+ conduction type second contact layer 

73 of GaN, are formed in order on the N-layer 31. 
Crystallinity of the light emitting layer 5 can be improved with the N-layer (first low impurity 
concentration layer) 31. Since a contact electrode is formed on the N+ layer 3, resistance is 
small, a driving voltage is lowered, and luminous efficiency is improved. 



LEGAL STATUS 

[Date of request for examination] 28.03.2003 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 
[Patent number] 




2/2 



[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



USDB^HIfiTJf ( J P) 



(12) 



(A) 



#112001-185758 

(P 2001-185758 A) 
(43)4.>Hf]0 ^13^7^ 6 0 (2001.7.6) 



(51) Int. CI. 

H01L 33/00 

21/205 
HOIS 5/343 



F I 

H01L 33/00 

21/205 
HOIS 5/343 



f-v-y (#%) 



#aE»* mm* m^mmxs ol (±7M) 



(2!)ttJF 




4$M2000 - 325020 ( P 2000 - 325020) 


(7l)ffiHA 


000241463 


(62) 




^l¥8-175574^^f'J 






(22) tU? 




spffc 8 ^ 6 M 14 0 (1996. 6. 14) 






















(72) mm^ 












s*amM# 0 0 mK^ms^M 1 


















(72) ^# 












g^p^w# 0 0 mtt&^&m i 


















(74)«SA 


100087723 























(54) mmo^m smmimit^^m^^tm^ 



(57) [KM] 

»J$2 X10'Vcm\ t^lS2 XlO'Vcm'OGaN <7J> n Ji 
(»H6^*fi*«SJi) 3 1 SrJBjaufcfJL ^<o±tc, 
US*. BOWM.O Mm. Si*t^4 X10 ,a /cm\ 
2 X 10 1 Vcm 3 COGaN Wiffi^r^ y T$t/g n' Jf (iffi^F*^ 

*£» 3, mmm.s u™<DSimm xio ,! 7cm\ m 

T-^^5 X10 17 /cm 3 CDGaN CD n M (!B 2 fi^FWWSlS 
S) 4, JRffftUOO nmCOlno. a oGa 0 . „oN <7)|£3fcJi5, 
Al 0 . o a Ga 0 . ,,N (Opg»Sw^ 7yKi71, GaN (O^ 
1 ^ ^ hH 7 2 , GaN CO p + =J * 

h!7 3!:MLtc n| (» HS^jsE«3«ffS) 3 1 





im*m i ] mm±^wm £ tut 3 mmt^^m^ h 

l« * ;h/0 * S w £ »« £ 1" 3 fit*: 1 ! l lclE**>*#* 

2 xio 1 Vcm J OTt'fc5: Xtt 

[f^il4] MiaJBHfi:^F«*»*fB«)«Srt, too A 
-2 jum -C*>Swt«:«r«ti-5W*3SlXJi»*«2 20 

[»*II6] HuBEiK^F*fi«l»SJB^J¥$fi0.5 —10 urn 

[fff^*17] Bul£^lfJg:^FM^)^S^^ :; FM^iMS^4 
xio 1 Vcm 3 J^TT^>6^ fc4r««£i-£»»*iS l Xi±m 

2 |C|E*^%**^- 0 30 

[0001] 
[0002] 

LTAlGalnN ^^fc^^^^ffc^r JE V >fc k CD^fcl k 

[0 0 0 3] AlGalnN 3^#I*1-*5^"C , Mg^r K~7 P 

wWfe^:, AlGaN (?)pgai(7)^7y Kgi:, Zn<tSi K 
— T^InGaN (7;>3§ft/l <b , GaN <D n Jf t Srffl I ^fc ^yO^ 

^fDi^wt^M^^-K (led) as*q?>ix 
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->y = V^r«sanL^nJKGaN * 5 ^ 7 > KB > In 

GaN frbtfL&mitm. p^AlGaN <D? =7 y K/f, p Tf^Ga 
N WSla^^M, p* TF^GaN (D^2 =jy^^ 

[0 0 0 4] 

[0 0 0 5 ] S£oT, *|S^«±, _tE^M.I-S<5^T 

±£l£Z>ZkX3hZ> 0 
[0 0 0 6] 

*-l[T-#F«aSX«*Sa^-#F«3gi: 
&¥fmk-tZ> 0 

[0 0 0 7] JiE©*ricJd*3^r, i«^F*E^»SJB^« 
jtJltoBBlctt, te»ajc^«**«arobfc»2fi:?F« 

[0 0 0 8] ±K^>«rictc*5t^r. »HS:^F*E^»JgS 

CO^r-^ U T»JS«2 XIO 1 Vcm 3 JL^T^M^ Lt\ ^ CQ 

X. fi^F««l»gi<7)*$tt, 100 A -2 U m *«H*L 
l\ 100 Act ^^V^^(D±[C^^n^^^^ 0 B B 'l± 
^efe#coSb*^(£< , 2 j/n J£JLb±:ft5£, ? 7 v ? & 

[0009] l£wifi8i:fc^t, ift^KttBttJI*)* 
t yrism xio ,6 -i xio 1 Vcm 3 r^5^^^M* 
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3 

z.©JI(i«St**«/h$^SH* ui^, y r»S*r 
i xio'VcnfJEJULti"**, Sfittffi<*:^ *<r>± 

**yr»sasi xio 1 v cm j ^T ^fts^, se^bo 

6ri:ASH*UV^ 0.5 Aim £Vm^t^y?->?lz£ 

£Lv\ *«*WBflEii4 xio l Vcm 3 £8x.5<t % ^xh 
W ^ 5 #1 W^itt Tf 5 (7; -C-I ^ L< ft 

T-fc pgSW&ropB-Cfcftv^ p»»ttfk<OjSj&»6« 

5o S«t::ifilV*<OB£nB <b Lfc»3*t£f±. _b|E^^ 20 

^«*SrJRfti"S„ X. K«Kifii,vfr<7>B*pB* Lfc 

[001 1 ] 

wis * ft sb tt»mmmin&$tt*mtomBttffe^ 
com 1 fi^«^»siroi $ n ^ #n co*s jh±# 

[0012] 

[&w<Dmn<Djfm] sit. ^mm^M,m^mmm\c 

£ fcco-t-lift^o H 1 fi^HM^J^^^^^ioo ^ft: 
H***"*", SSft^lOO li, i^^r -f 7i«l ^tLT 
, ^Wt77^7itel ±tC0.05ju rrKDAIN ✓ < ~7 

[0013] ^rJi 2 co±^(4, mile, IKV^ 

0.6 /i m CO •> y =1 ^*JS2 X10 l8 /cm\ HrF-jRSn X 10 
'Vcm^V^y =i>(Si) K— 7'GaN nB 1 i& 

X10 l Vcm\ ®T-^J^2 XlO'Vcm 3 W*>y =i>-(Si) K— 
^GaN *»fej*5i«*iryr««rr B (iS^FM^SS 50 
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B) 3, eU?^0. 5 /imW'>!i3VMl X10 18 /cni\ 
«r?-»ffi5 Xl0 17 /cm 3 (7)^y 3>(Si) K~ ^COGaN ^ b 
/&5nJI (l2i»Ml) 4. RJBKUOOnm. 
ffi#&(Zn) tv^y =»^(Si) K-^T^n^'fU 5X10' Vc 

ff#J10nm f zf> — /U^S 2Xi0 ,7 /cm\ -vf^ispJ* 

(Mg) jRffi SXlO'Vcm 3 K— ^Al 0 ...Ga t .. 5 N ^<b/& 
6 pfi»I»^ 7 y KB 7 1 . 1815^35 nm, 
fit 3X10 I7 /cra 3 ^^^->^^ (Mg)^S 5X10 l Vcm a 
K-y^GaN ^^6^1 3V^^M72, RJ¥£l5 
nm, /U?gJ&" 6X10 1 Vcm 3 ^^^*^!^ (Mg) » 

Jg lXlO^/cm 3 K-^WGaN ^^5p' fe^^2 
h!7 3 ^^M^tLTV^o ^UT, I2ny 
KB 7 3 COJitS±{$l-Ni/Au W2lf^P)^SaM 

mm 9 a^fiE $ tb^r (Dmwnm 9 ^^^Ni/Au co 

[0 0 14]*:, 

o^tlP^t5 0 ±IS|g^:^-7-100 fi, ^^Mmte^c 
fiS (^TMOVPE) \z£ S^tS^cStcJ: ^Mit^tL 
fCo JB^ibfttf:#*f2, T (NH 3 ) . ^tU7^ 
^ (H 2 ) , h y ^ iFvU#y ^^(Ga(CH 3 ) 3 ) (J^T ttmg 
J tm-t) , h y ^^^T7U^^r>i.(Al(CH a ) a ) (J^JL 
T TTMA J <tfS-T) , h y ^^/l-T >-v ? ^A(In(CH 3 )3) 

(Zn(C.H s ) 2 ) (J^T TDEZ J kU1~) b is* v<># i?=z. 

[0 0 15] *-T. *«*»au«!»AL3ffitcJ:»)*»Ufc 
aM*3=Mtl,, *»irof7 7>f7i«l ^MOVPE 

«:»KjS2 liter/»-ejB30»IBKrts:*^«L?fc^?) 
1 1 oo°c T*t7 7^7lKl^- ^ v ^ L fc o 
[0 0 16] 2ktc, rag^r 400°C^T'fg:T$-y:T, H, Z 
20 liter/5>, NH 3 £10 liter/5j\ TMA £ 1.8X10- 5 

05/i mOJ?§^^cLfc„ t7 7-f7lilWS 

^£1100° C {C^r^U, II, £20 liter/^> NH 3 £10 1 
iterX^, TMG £ 1.12 XIO" 4 ^^/^. H 2 ^f^{Cj;«9 
0. 86ppm tdiffiriR ^ tt/c 5/ 7 ^ £20 X 10" * ^ /V/ftXZbft 
»AL, «*Jft0.6 ^/m, lXlO'Vcm 3 , •> «J 

2X10 lts /cm J <7»y 3^ (Si) K— ^GaN ^>^^c 
5 n@ 3 1 SrJBdtLfc, 

[0017] V~yr4rm^i(DU^^iiso 0 c\c 

^L, H. £20 liter^^. NH 3 £10 liter^^, TMG 
£ 1. 7X 10~ 4 ^/uy^. H, ^f^tCt "9 0. 86ppm 
ttfc > 7 V £20 X 10' a ^-yw/^"C40»a»A U RffW4. 
0 /i m % S^SS 1 X 10 1 8 /cm 3 , > y =i 4 X 10 l d 

/cm 3 ^->y ^XSi) K-^GaN ^^SR^rt y 7gg 
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rT H3£ff2f£L*: 0 

[0018] ±SE(Ofli** y 7lgn' S 3 £7F2ricL7t 
m^X^m^nOO 0 C CKfcflpU H, £20 liter/ 
5h NHj £10 liter/#, TMG £ 1.12 X 10 4 ^/U/ 
5h H 2 JJ*\Z. X 90. 86ppm !C^|R$nfc*>7 V£10X10 
" U ^/#T*30#^AU RffjKl0.5 jum, 5 
X10 l7 /cm\ '>y3XftS 1X10' Vcm'Wv-y 3>(Si) 

K— "7'GaN ^W5n|4SrMlf: B 

[0 0 19] jf*1^T, 7^ £800 °C{Cf£^U N 2 XfiH, 
£20 liter/5^, NH, £10 liter/ £\ TMG £0.2 x 10 
' A ^^/9f. TMI £1.6 X 10*" ^jV/ft^ H, ^/xicj:^ 
0. 86ppm {-^f^^^Xf^> : 7>£lOX10' ,, mol/^T% DEZ 
£ 2X10" 4 ^e/W ftT\ 30»|BJfftj^LTff$100nm 
y > <b MgW, tti^ti, Sxio'Vcm' fc K— ^Sfc 
In.. 3 «Ga....N 5 

[0 0 2 0] ft^T* r^S£HOO°C{C^L. N 2 XI1H 2 
£20 liter/£\ NH 3 £10 liter/ £\ TMG £1.12X10 
" 4 *A'/$h TMA £0.47X 10" 4 ^A-/^ &t>\ CP.Mg 
£2X10- 5 ^e^/ / ^T0. 6 ^W*AL, l^ff^JlOnm^ 
* i» (Mg) K"-^OA1 0 . o 8 Ga 0 . „ S N frbjSLZ?? 
y VM 7 1 £ff2/# Ufc 0 ^ 7 ^ KI 7 1 co-v- v"7 A 
j&Sfi 5X10 1 */cm*X~*>Z a r.W«H8-CI±, ^7yKl 

[0 0 2 1 ] ra^£iioo°c^^ 4 4pL, N 2 XteH, £ 

20 liter/^\ NH a £10 liter/ £\ TMG £1.12X10" 4 
&t>\ CP,Mg £ 2X10- 5 ^/U/#T*40#P^- 
AL, K/ftt35nmW-^^*">*A(Mg) K— ^GOGaN 7)> 
^/&5iHl hit 7 2£Bf&L/c 0 51^^ 

hJf 7 2 <0^* 5X10 1 Vcm J "C*S 0 - 

wttlBTli, ft l 3 * H7 2lt SfiM&io 

[0 0 2 2] rU^£llOO°C(^f$U N s XiMs £ 

20 liter/ 53\ NH, £10 liter/$}\ TMG £1.12X10"' 
&t>\ CP,Mg £ 4xi0" 5 ^-yu/^^18#r B ^ 
AU HlJf^5 nm^^->^(Mg) K— :/£>GaN 7J> 

hJf 7 3 fl)^*^ lXlO'^/cm 3 !?^ 
5 0 r.«««T-(4, fg2 3 >^ ? Vm 7 3 «\ £fd\ «£ 

[0 0 2 3 ] ifctc, «^*JH»*K*JBi*-t\ 12^ 
h!73, Sl3>^^M72W^7j/Ki7 

iB«ffijBlOKV, 1 ^ A, tf-^GO^ibilgO. 2m 

m/sec , t*-^60/im*, K£g£5. 0 X10" 5 TorrT^> 

^1^^ M72 RXf* =7 y KJf 1 1 tt, ^ErtL^ 
ft, * — /UStg 6X 10 l r /cm 3 , 3X 10' 7 /cm J , 2X 10 l ; /c 
ra*, JSJn^ 2Qcm, 1 Q cm, 0. 7 Qem<D p B^M^^i^ t 

[0 0 2 4 ] 02 ic^-TJ: 31-, ^2^y^ h 
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m 7 3<?;>_b(c v M^mm^X <9Ti llUS: 
ff^lOOOAicfl^jSL, ^^±tcNi (^s^frvu) 1112 
£J?$ 1 //m \zBf&-fZ> 0 t LT, NiS 1 1 2^±iC37 
tM/^xhn^i^L, :7* h y y :7lc£ <o % 
m 2 {cffk-tx o \c y S23y^^ hi73±i:*J^t, 

hl/^^ h 1 2£(^^L/i 0 ^(-, [H3^tJ;9 

td, 7t h i/'^x h i 2 i:«t ota^nr^i^Tii 1 

1 1 tXim 1 1 2 tSrU-Cfr^iy y^UT^i 
10 Lfc 0 

[0 0 2 5] Ti@ 111 irNiJl 112 (CctoXS 

^ hi! 7 2 , ^77KI71, 3B#JI 5 , n 14 £, BC 
l,^-CK7-fxyf-y^Lt«, M^T, ArT- K7>T 
3i^/^>^Lfc 0 :(7)Ii-C\ 14 \C7jk-f X o tC x iS^r 

2 , Ti« 111 ^t>*Niil 1 1 2 £^ L/c 0 

[0 0 2 6] — ^tc:^^ h i/'^ h£^Lfc 

20 y* hi) y^yy^-T.m^x^). mwmm9&m 

i«i-58l5»^^^BB(tfe„ rtOf^, -^^Ni/Au (7)21 

7*hi/^ h^itt, en^, ^7ht 

7^{-i:«9 % I2^y^^ Mi 7 3co±iCjgPjm^9£ 
Mtfc 0 ^ IT, %<Dm*MW&$<D— g|5{CNi/Au ^2 
IMflt/'y Kl 0£ff^Lfc o n* B3tc 

^Nfi, #*T-«i-e]«a?tt, b i ic^-ntigco^jty 

30 t°— ^ffltS430 nm x ^*:»Sl500mCd T'^o fc Q 

^it^ led icjf<"C* *3»ftrt 3 m^ta o fe Q 

[0 0 2 7] j*k GaN Ong3 1 4rRttT±e*J*0>« 
«T-^Wlti^tll(DS2 3 hf73 

^M£{S1 5 M^:-f e X. ^3fec0^7t^^-^J: 3 nil 

3 l £I£tf-ftc N /<3/7rl2wil:I8, n + ii 3 £ 
MIT, ^7fe* J ?-£ff^Lfci§^oS±^^^2 

M7 3»S®^D-;^ija8T*t8U s * 
W*ffiW»«^>tS:ia6^^-t- 0 t^fnt 2 0 O^COP 
40 «*^K"Cfc5 0 

[0 0 2 8] ^(n^Mfr^ftfrZX nl3l£lS 
ltr*(0±lc#i«:8iiS*fc*iSftfttt^fi< ftot 

[0 0 2 9] ±KHti60iJJC*JV>T, nl4^tyr 

5«rfiR«S-drTt>&t^- ±IG^0 i J^cjoV^T, nl31 
Idli, v-y^>-£2 X10 ,8 /cm 3 {C^DL-Cm^*££l 
50 XlO'Vcm 3 ir LTt^^^ i^TfooTti^, -> U 
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=*^Wk&&2 X10'Vcni\ e^F-ftJgASl X 10' 8 /cm 3 X 9 

[0 0 3 0] ££>M, ng3 1Wff$|j:0.6 kb £ Lt 
1^67^ nS3 1 (i^^±tC|lp^^S-r6#^c7^^ H B B ^ 

&~&W-t ZfctblzfttE-t Ztztblz^ ioo A~2 ;im 

i^S(22 X10'Vcra\ ->y =>ytS^4 X10'Vcrn J i: L 
fcj&S, ^rtyTlSlil X10 16 ~1 X10 ,y /cm\ is V = 10 

v?gj£fii xio 1 T —i x io- ,0 /cm j <^j£iar% ^<7)±{C/& 
:4W*5. X, S&3r*yr«firr H3^ip:$^4. 

y TffiJKn* If 3 CO J? £(20. 5 -10^m CSjffiiariSft 

[0031] nJi4(i x ~>y X10' Vcm 3 . m 

"7- 5 X 10 1 7cm 3 <t Lfc^ U =3 V^SS 2 X 10 1 6 ~ 
2X10'Vc^ «^-»JS 1X10' 6 - lXlO'Vcni 3 

wtt:ffimx'foz> 0 mz&s 0.5 //maf:^ 0.5 20 

SSWL, 2Mm«±tftS«!:il[5lJia»t^i*< ft «9 
[0 0 3 2] J:K!MEMl£*5^-c\ hmn2M 

Ga,. S0 N ^l^fc^2x, 37C, 4 TC^InGaAlN (7) 3££ 

2, I2=i^^ M73 ClLtti, 5 J; <9 t 

t)2 5£. 3 5c, 4 5c<0 3JH*lk»¥»*Srffll^5^.i:*s 
"CtSo X, ni31, n* 13, n « 4 fcPlUC:. — 
SifciClnGaAlN "CffiRIMKJfc^ 2 7C. 3 5c, 4te^3J^^ 

[0033] aitmstoisy ^^m^Rrj^ms. 

-tft-^ft* 1 X10' 7 ~1 XlO-Vcm^^I^ LV\ 1 
xiO'Vcm 3 ZATXJhZt, «#*'L^FJEKJ; 
9*d»fiTL, ixio ;o /cni 3 ^_h<bft3£:, SSiUtt 

££>IC#£L<I±1 Xl0 ia ~l X 10' 9 /cm 3 <7)fg 40 

T, 10{fiP~l/10j&S#* U< . £ ^C#t£ L< (3 1 -1/ 

[0034] ±m<r>nmmxte, ititmsnmm^mat 

Lfc^, — A£5tAl al Ga, , In, - . i - , , N(0£xl £ 1 . 0 ^yl 
^1,0 ^xl+yl <1)W#FJB£ — ^xtAl^Ga,, In 
i-,:., s N(0£x2£l . 0 ^y2^1,0 ^x2+y2 £l)<ns<}) 
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(c k^-- ^mfaxteT*-t-7*^m&i : kmi)ui,* ^yr 
[oo3 5] 7^t^^»it 2j^7c«^y 

dK M(Hg)S:fflV^fcS^ 0 2^5n^t£T^i?:7 fl ^ 
^6^^(C) , v/y^Xsi), yyU^-^^x(Ge), H(S 

i£7c*0M^-#(S) , tuy(Se), f/wKTe)$rffl^5 

[Hi] *«^^*»W4»i*iii«(c«siB*y>r^- 

[El 2] l^**«^|g*y>r^— K^»3tXS4:^L^: 
[13] |p]jllft«(D**^>f ai-— K<7)»3SXSS:^Lfc 
[B4] P)IM^My^ KroMlgiSr^ Lfc 

1 (ni) *r»jabfe»'&0*±JB^«ffittl8S:*«L 

(nil) *»rtLftl^»^0*±»(0»StRIIB«:«*Jb 

[ff*Ott«] 
ioo 

l -t^r^rffl 

2 ■•■/<y77| 

3 1- n| (fltlffi^M&M) 

3- ^^f^yrM^n + n (jft^HMS) 

4- ni (S2fiW^I) 

5 ••■^7^^ 

6 ••■^^ ^T 3 /! 

7 l»^7y K» 

7 2-$gl M 

7 3-S23^^ hm 

8 "-mn 

10 - /< y K 
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[15) [H6] 




-7T2 > h^— £?£>tt£ 
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